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OBSERVATIONS ON CHOLINOGENIC IJRTICARIA*
J. K. MORGAN, M.R.G.P.t
Urticaria provoked essentially by physical factors and by emotion has been
reported by many authors, and is one of the conditions described by Duke (1)
as a "physical allergy". Grant, Pearson and Comeau (2), who reviewed the
literature, were the first to describe and investigate this well-defined condition
fully, and they concluded from an exhanstive study of six cases, that the nrticaria
was provoked through efferent peripheral nerves when these were stimulated
by emotion, exercise or warming the body. They presented evidence that the
nerves involved are cholinergic, since local or parenteral administration of
pilocarpine or choline derivatives would provoke the urticaria. They concluded
that H-substance is released in the skin because of a sensitivity of the skin cells
to acetylcholine. Hopkins, Kesten and Hazel (3) reported twelve further cases,
and confirmed most of these findings. They proposed the term "cholinogenic
urticaria" for the condition. Although Sigel (4) has reported a series of 22 cases
occurring within six months, the condition is an uncommon one. In view of this,
and because certain fresh methods of investigation have become available, it
was thought it would be of value to report findings in three patients with the
condition seen recently.
MATERIAL
Case 1. A woman aged 37 years, of nervous and sensitive disposition, with no lustory of
significant previous illness and in good general health, had suffered for two years from
attacks of itching, and a factitious urticaria produced by the consequent rubbing and
scratching. These symptoms were produced by heat, either of external origin (sitting hef ore
a fire, or in a heated cinema etc.), or as the result of exertion. Individual attacks lasted
from 3 to 2 hours and she sometimes had several attacks affecting different areas, during the
24 hours. She had not noted if emotional upset would precipitate attacks. She had noticed
that any especially severe or widespread attack was usually followed by a period of freedom
from symptoms up to 48 hours.
She was taking no drugs (except those given f or the condition) and, although a sensitive
individual, showed no evidence of any marked underlying psychical disturbance.
She had been treated with several non-specific measures, including auto-hemotherapy
and peptone injections, and with small doses of antihistaminic compounds, without relief.
On examination her cardiovascular, respiratory, alimentary and central nervous systems
revealed no abnormality on routine physical examination. Pronounced dermographism was
present.
She had very numerous attacks of itching and urticaria while under observation, affect-
ing different areas of the body, but being particularly intense over the upper trunk.
Case 2. This was a boy aged 12 years, with no significant previous illnesses, and although
stolid in manner, said by his mother to he nervous and sensitive. He had suffered for eight
months from attacks of urticaria coming on about 10 minutes after moderate exercise. The
eruption did not appear unless the exertion made him feel warm, but there was no evidence
from the history that external heat would provoke it. He could take a hot bath without
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developing urticaria. Attacks usually lasted about 30 minutes. He had noted that after any
especially severe attack, he had a period of freedom lasting 48 hours or more.
He was taking no drugs (except those given for the condition) and there was no evidence
of any underlying psychical disturbance. The condition had not responded to antihista-
minic drugs in the dosage given before admission.
On examination he was a healthy looking boy of normal development. He had a systolic
apical bruit but no other abnormality of the cardiovascular system. Hespiratory, ali-
mentary and central nervous systems were normal.
He showed no dermographism.
The urticaria, which required a fairly marked degree of exertion for its production, con-
sisted of minute wheals with a pronounced and bright surrounding flare. It was of scattered
distribution, but very much more intense on the upper trunk than elsewhere.
Case 3. A man aged 25 years, in good general health, who had suffered from frequent
attacks of urticaria for 2 years. These attacks came on about 10 minutes after exertion, if it
was sufficient to make him hot. He had attacks on most days, sometimes several in a day.
Emotion, or external heat alone did not provoke attacks. An attack usually lasted j to 2
hours, and any especially severe attack was followed by immunity to the usual provocative
factors for 48 hours or longer.
He was taking no drugs (except those given for the condition). The eruption was partially
inhibited by antihistaminic drugs.
On examination he showed no other abnormality.
There was no dermographism.
The eruption consisted of a multitude of minute wheals surrounded by an intense and
spreading flare, and affected mainly the upper trunk.
The second and third patients both exhibited the typical minute \vheals,
with intense flaring, of cholinogenic urticaria. Neither showed any dermo-
graphism. In the first, the occurrence of dermographism, and of itching which
only gave place to \vhealmg when the area was rubbed, introduces a compli-
cating factor which suggests that the condition might be dependent upon more
than a single provoking cause, as in the case of Peters and Silverman (5). Der-
mographism is apparently not a usual feature in cholinogenic urticaria, but in
the first patient reported here, wheals could be easily produced by rubbing at
any time. Nomland (6), however, has reported three cases of itching, not as-
sociated with actual urticaria, which were provoked by heat, and fulfilled the
criteria of Grant et al, and which he decided were cholinogenic in type. At that
time he doubted whether 11-substance could be implicated as well. A person
with a cholinogenic itching of this nature who in addition exhibited a separate
and not necessarily related tendency to dermographism, might however be ex-
pected to react as did the patient reported here.
It is of interest to note that in all three cases, the signs and symptoms were
manifestly more intense on the upper trunk than elsewhere, and a possible
significance of this feature will be alluded to later.
In no case was emotion an obvious factor in provoking attacks, and certainly
in the two male subjects, exertion was the major provocative stimulus.
EXPERIMENTAL
The following investigations were carried out. At every stage great care was
taken to ensure that the patients being tested \vere not under the influence of
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antihistaminic drugs, and that they were not in a temporarily 'unresponsive"
phase, as a result of any severe attack in the preceding 48 hours.
I) Heat. The eruption could be constantly produced by standard conditions
in Case 1 by immersing one forearm in water at 110°F (43 .3°C) for thirty minutes.
Widespread itching and urticaria developed 20—35 minutes after the start of the
immersion, and an attack so induced lasted for about an hour.
Heat, either general, or reflex from immersing a limb in warm water, failed to
provoke attacks artificially with satisfactory reliability in Cases 2 and 3, and
resort was made to a standard amount of exertion for the purpose of constantly
inducing attacks by physical means in each of these patients. This was achieved
in Case 2 by getting him to ride a fixed bicycle the equivalent of two miles
against a constant measured resistance. In Case 3, the eruption was constantly
produced by letting him run up and down a determined number of stairs each
time.
II) Carbaminoyl choline. Carbaminoyl choline ("Carbachol") 0.5 mg. by sub-
cutaneous injection (0.2 mg. in Case 2) regularly provoked widespread attacks
in all three patients 20—30 minutes after administration.
III) Atro pine and hyoscine. Atropine sulphate gr. 1/100 (0.6 mg.) by mouth,
or hyoscine hydrobromide gr. 1/150 (0.4 mg.) by subcutaneous injection, pre-
vented the provocation of attacks of itching and urticaria either by heating or
carbaminoyl choline, in Cases 1 and 2, although these dosages only diminished
the severity of attacks in Case 3.
The inhibition by atropine did not persist for longer than four hours and the
drug was of no practical value in the treatment of the clinical condition.
IV) Intradermal tests. Intradermal testing with choline derivatives was per-
formed. Injections were made on the flexor surface of the forearm proximal to a
line 10 ems. above the wrist. It has been noted (Perry, Falk and Pillsbury (7),
and Moynahan (8)) that the whealing reaction to injected histamine and car-
baminoyl choline decreases considerably at lower levels on the forearm, and on
this account it was decided not to go beyond this arbitrary limit. The resultant
wheals were measured after 5 minutes in a two-dimensional plane by tracing the
inked outline on to millimetre squared tracing paper, and reading off the area
directly in the method described by Bain, Hellier and Warm (9). Intradermal
injection of 0.05 ml. of 1/100 carbaminoyl choline, and of 1/100 acetyicholine
bromide, did not give abnormal whealing responses compared with controls,
although of course small blobs were produced by the fluid injected. It was sug-
gested that by using the substances at such relatively low dilutions, their nicotine-
like actions might be masking any other effects. Accordingly, the same tests were
performed using acetylcholine bromide in a dilution of 1/1,000,000 and carbam-
inoyl choline in a dilution of 1/100,000. At these strengths there were small but
obvious differences in the sizes of the wheals produced in the three subjects by
both substances compared with those in a small control series (Table I).
It is pertinent to recall here Lewis's comment (10) on the interpretation of
whealing produced in normal females by the iontophoresis of carbaminoyl
choline. He found that normal females usually reacted with much larger wheals
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than males. One cannot therefore assume that these results provide corroborative
evidence that Case 1 in this series reacted abnormally, in the skin, to choline
derivatives. As it happened, in all those in the control series here, of whom 2
were females, the wheals following injection remained the same size as the
initial blebs raised by the fluid injected. It can be argned that the trauma in-
volved might set in train, in a dermographic subject like Case 1, a reaction suffi-
cient to cause the increased whealing observed, but this does not apply to Cases
2 and 3, neither of whom showed dermographism. These abnormal responses to
intradermal injection were lessened if atropine had been given previously.
TABLE I
AREA OF WEEALS IN SQ. MM. AFTER 5 MINUTES
Case I Case 2 Case 3 Controls
1/100,000 Carbaminoyl Choline. 0.05 ml. i.d.i.
(I) 49 (I) 42
(II) 39 (II) 41
(III) 45 (III) —
(I) 60
(II) 48
(III) 46
(A) 29
(B) 37
(C) 22
(D) 26
(E) 21
(F) 35
Mean 44.4 4.1
1/1,000,000
41.5 0.5 51.3 6.1
Acetyl Choline bromide. 0.05 ml. i.cI.i.
28.3 5.8
(I) 53(II) 40(III) 53
(1) 46(II) 42(III) —
(I) 48(II) 64(III) 66
(A) 28(B) 33
(C) 24(D) 32(E) 22
(F) 26
Mean 48.7 6.1 44 2.0 59.3 8.05 27.5 4.0
There is the reasonable objection to intradermal injection as a procedure for
inducing whealing, that the solution introduced itself creates a small initial
bleb. For this reason iontophoresis of choline esters was also attempted.
V) Iontophoresis. lontophoresis with 0.2 % acetylcholine bromide (with 0.01 %
Eserine sulphate added) and with 0.1 % carbaminoyl choline was performed in
Case 1. A zinc anode covered with a 1" diameter circle of lint soaked in the
solution was applied to the flexor surface of the forearm, and a copper plate
cathode surrounded with lint soaked in 0.9 % saline solution was strapped to the
upper arm, and a current of 2 m.a. was allowed to flow for 2 minutes. This gave
equivocal results compared with controls, and attempts to confirm abnormal
responses to choline derivatives by this method using different periods of expo-
sure etc., were confusing. The incidence of whealing in the patient and controls
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could be so varied by alterations in the strength of the current employed and
its duration that the method was abandoned and not employed in Cases 2 and 3.
There are two problems to be considered in connection with abnormal skin
responses to choline derivatives. It may be that these patients simply have a
particular sensitivity in the skin to the action of acetylcholine. A second factor
however might be a deficiency in cholinesterase, thereby permitting a prolonga-
tion of the normal action of acetyicholine, or its persistence in undue quantities.
Possibly both factors are involved.
VI) Cholinesterase. Whole blood cholinesterase estimations by the electro-
metric method were performed on all three patients. The normal limits for whole
blood cholinesterase as given by Aldridge and Davies (11) are 80 to 129 units.
The levels in the patients reported here were:
Case 1 51 units
Case 2 38 units
Case 3 60 units
This investigation does not appear to have been reported in cholinogenic
urticaria before, and the possible significance of the findings is discussed later.
It must be borne in mind that the results pertain to only three cases.
However, apart from the role played in this condition by acetylcholine, the
ultimate mechanism by which whealing is produced is usually ascribed in this
as in other varieties of urticaria to the action of histamine, or a histamine-like
substance, on the blood vessels of the skin. Accordingly attempts were made to
estimate to what extent histamine was involved in the eruptions in these patients.
VII) Histamine injections. Intradermal injection of 3.0 ,g. histamine base in
0.05 ml. water into the flexor surface of the forearm provoked in all three pa-
tients whealing which was within the normal limits as given by Bain (12) for
this amount. It was concluded therefore that in none of these patients was there
in the skin any undue sensitivity to the presence of histamine itself.
VIII) Antihistaminic drugs. It had been observed in all the patients that
the antihistaminic drug, promezathine hydrochloride (Phenergan®) in a single
dose of 25 mg. would inhibit attacks artificially induced by heat and exertion,
or by carbachol, for up to 24 hours following administration, although it was not
wholly reliable under ordinary conditions in aborting spontaneous attacks. This
suppression by an antihistaminic drug, of whealing brought about by a choline
ester, does not however provide any evidence that histamine is involved in the
production of the wheal. This has been pointed out by many authors (Lowenthal
(13), Gaddum (14), Moynahan (8) and others), because such drugs all have
some hyoscine-like action however slight, as well as an antihistaminic one.
It was thought that the use of histamine liberating compounds might throw
some light on the problem.
IX) Histamine liberators. The first substance employed was "48/80", a con-
densation product of formaldehyde with B-methoxyphenethylmethylamine, first
prepared by Baltzly et al (15), and reported on in England by Paton (16), who
showed it to be a potent histamine liberator in cats and dogs. It has further been
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reported by Feldberg and Paton (17) that specimens of perfused skin can be
almost completely freed of their histamine content by the action of histamine
liberators, including 48/80.
48/80 was administered in the patients reported here by intradermal injection
in graduated strengths (0.2 jtg., 1.0 Mg., and 5.0 jig., each in 0.05 ml. water)
into the flexor surface of the forearm. The injections produced a "triple response"
and the wheals were measured after 5 minutes by the same method as described
earlier. The sizes of the wheals in these patients varied according to the strength
of solution used, but no suggestion of excessive histamine release was obtained,
and the wheals did not differ significantly iii size, in each dilution, from those
produced in a series of 10 normal individuals, using the same strengths. However,
for a reason mentioned later, the same injections were also made into the skin
on the upper back in these subjects. The normal individuals produced larger
wheals, strength for strength, on the upper back compared with the forearm,
as did Cases 2 and 3, but in Case 1 (the dermographic subject) relatively huge
wheals were produced, up to six times the size of those obtained in the controls.
It therefore seemed in this patient alone that on the upper back though not on
the forearm, there was a tendency for histamine to be released in the skin unduly
readily.
Subsequent injections into the same sites often produced progressively dimin-
ishing responses in all subjects, but it was difficult to be certain that the same
site was in fact always used. The intention was to exhaust the histamine from a
given area of skin, and it was not found easy to achieve this over a sufficiently
large area by means of intradermal injections. It was therefore decided to try
the effect of inunction of 5% tetrahydrofurfuryl nicotinic acid ("Trafuril")
in a vanishing cream base, as this was a substance which appeared from its
action to have histamine liberating properties (Strehler (18)). The initial appli-
cation on the flexor surface of the forearm produced a pronounced urticarial
reaction sharply limited to the treated area in Cases 1 and 2 (Fig. 1). The cream
was not applied to this site in Case 3. This urticarial phenomenon following the
application of the cream has subsequently been seen by the writer in 12 out of 16
other patients suffering from active urticaria, not of cholinogenic type.
Repeated applications of the cream on succeeding days provoked gradually
diminishing responses, so that on the 4th or 5th occasion only a transient ery-
thema resulted, and subsequently no reaction at all. This suggested that all
available histamine might have been liberated from the treated areas. Subsequent
attacks of generalized urticaria, spontaneous or artificially induced, completely
avoided this treated area for many days. However, the forearms were not by any
means severely involved, and sometimes not at all, in urticarial attacks in these
patients. The same method was therefore employed on the upper back, where
widespread lesions invariably occurred in attacks. A cellophane template 3" in
diameter was used to ensure that the same area, which was marked out on the
back of one shoulder, was treated on each occasion. The shoulders were treated
in this way in all three patients. The same phenomenon of diminishing responses
following an initial urticarial reaction was seen here as on the forearm. Careful
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observation confirmed that subsequent generalized attacks of urticaria com-
pletely failed to involve this treated area, although it was one which had, in
all patients, been severely affected formerly. The number of such attacks sparing
the area was 13 in Case 1, 4 in Case 2 and 2 in Case 3. (Case 3 unfortunately
was not available for observation for longer than the period covered by the two
attacks mentioned). In the two other eases, the "insensitive" period lasted for
10 days.
Injection of 48/80 into these treated areas still produced whealing, but of
markedly smaller degree than that obtained on the contralateral untreated
shoulder, or in normal subjects, \vhieh suggests that much of the histamine had
been liberated by the inunetion, although a small amount still remained.
Fin. 1. Trafuril provoked urticaria on the forearm
It was interesting to note that in Case 1, who had alone showed evidence of
unduly ready liberation of histamine from the skin on the shoulder with 48/80,
the initial applications of the cream, in addition to causing local urticaria, also
provoked intense facial flushing. The application was not made \vith a degree
of friction sufficient to cause \vhealing from the trauma in this dermographie
subject.
DISCUSSION
In all three of these cases the production of the lesions by systemic adminis-
tration of carbaminoyl choline, its inhibition by atropine, and the abnormal
whealing responses to intradermal earbaminoyl and acetyleholine support the
diagnosis of cholinogenic urticaria and are in accordance with the accepted view
that an abnormal response to choline esters is a basic feature of the condition.
The nature of this abnormal response is not clear. There is evidence that the
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release of acetyicholine itself will provoke vasodilation in the skin, such as that
occurring with "antidromic impulses" in sensory nerves (Dale (19), Dale aud
Gaddum (20)), and evidence also that acetylcholine is involved in the production
of the skin flare via the axon reflex. Whether this alone would be responsible
for whealing under certain circumstances does not appear to be established.
Lewis and Marvin (21) have held that even in the vasodilation resulting from
antidromic impulses H-substance is also involved. In their cases of cholinogenic
urticaria, Grant et al suggested that histamine is released in the skin directly
because of the action of acetylcholine on an apparatus which is unusually re-
sponsive to its presence. Another factor which may however be involved in these
persons with an abnormal urticarial response to acetylcholine is a diminution
in the cholinesterase available, thus permitting acetylcholine to act for longer
than normal, or to persist in abnormal amounts. In the three patients in this
series the levels of whole blood cholinesterase were below the normal values
quoted. It has to be borne in mind that symptoms due solely to lowered cholines-
terase do not usually appear until the level has fallen to 20 % of normal (Barnes
(22)). Nevertheless it seems possible that such deficient cholinesterase levels as
these patients showed might play a part in their peculiar response to acetyl-
choline. If such patients are already prone to release histamine readily in re-
sponse to the presence of acetylcholine, reduction of their cholinesterase of lesser
degree than to 20 % might be sufficient to account for the appearance of their
symptoms.
Case 1 showed evidence of a general tendency to release histamine uuduly
readily on the trunk following the use of 48/80, and this fact coupled with the
lowered cholinesterase may well have accounted for the severity of her symptoms.
The other two cases did not show evidence of undue histamine release generally,
and it must be assumed that in them the excessive histamine release only oc-
curred as a result of the presence of acetylcholine.
In none of these patients was there evidence of any undue sensitivity to his-
tamine itself. However the fact that areas of skin treated with the histamine
liberating cream were spared in subsequent generalized urticarial attacks, sug-
gests that the lesions would not appear where histamine was not available in
the skin. This furnishes some supportive evidence for the view that histamine is
released in the final stages in this type of urticaria.
Local unresponsiveness following the repeated use of urticariogenic substances
has been discussed in the past (Chen (23) and Alexander et al. (24), who both
review many earlier reports of the phenomenon). It seems that the temporary
cessation of wheal formation is independent of the nature of the urticariogenic
substauce used, and presumably depends on the fact that the local histamine is
exhausted. Alexander et al. stated that in clinical urticaria wheals did not occur
on the same site for 30 hours or more. It is of interest that Feldberg and Talesnik
(25) found that if the histamine content in the skin of the dog was lowered by
48/80, it was not wholly replaced for ii days, and in the rat for 30 days. These
phenomena can perhaps be linked with the occurrence of unresponsiveness in
cases such as the three reported here, where lesions did not occur for an interval
following any especially severe or widespread attack.
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Another point of interest arises from the especial intensity of the urticarial
attacks on the npper trunk in the patients in this series. There is a possibility
that histamine may be available in larger amounts in this area, or for some rea-
son is released more readily there. Estimations of histamine concentration in the
skin (Harris (26) and Nilzen (27)) do not clarify this point, although the former
author found a higher level of H-substance in the skin on the upper trunk in
fetuses. In this series the fact that 48/80 produced larger wheals on the backs
of the shoulders than on the forearms in the normal controls as well as in the
three urticarial subjects, is suggestive that greater amounts of histamine are
available for release in this area.
It is possible to infer, as suggested by Peters and Silverman, that varying
combinatioas of factors may be involved in the production of cholinogenic
urticaria, and that not all cases necessarily produce their lesions as the result of
an identical train of reactions. Two features \vhich were common to all three
patients here were: (a) lowered cholinesterase levels which, while not of sufficient
degree to be likely to cause symptoms alone, may \vell have contributed to the
abnormal response to choline esters. (b) evidence from the use of histamine
liberators which reduced the supply of histamine in a given area of skin, that
where histamine was not available, the wheahng reaction would not occur.
No evidence has been produced in these three cases to show by what mechanism
the abnormal response to acetylcholine actually results in the undue liberation
of histamine or for what reason they had developed lowered cholinesterase levels.
Nor was any information obtained on how long these abnormalities persist.
5TJMMAEY
1. Three cases of cholinogenic urticaria are reported and details of investiga-
tions described.
2. The classical abnormal responses to systemic and intradermal administra-
tion of choline esters were obtained.
3. Moderately reduced whole blood cholinesterase levels were found in all
three cases, and the part that this phenomenon may play in the production of
the condition is discussed.
4. The use of histamine liberating compounds to exhaust the histamine content
of the skin in localized areas is described, and the avoidance of any urticarial
reaction \vithin these areas during subsequent generalized attacks lends support
to the view that the presence of histamine is necessary for the full clinical picture
to be produced.
5. None of the patients showed evidence of abnormal cutaneous sensitivity
to histamine itself, but one showed evidence of a tendency to release histamine
unduly readily in general.
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